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of Coronary Atherosclerosis
Riding the Waves of Light and Sound*Paul Schoenhagen, MD,yz D. Geoffrey Vince, PHDzxT he emergence of coronary angiography in thelate 1950s enabled an imaging-based under-standing of coronary artery disease and led
to surgical and intravascular treatment approaches
of coronary luminal stenosis. Based on the increasing
familiarity with intracoronary catheter manipulation,
miniature intravascular ultrasound probes subse-
quently were developed. The advantage of direct,
intraluminal imaging was initially considered to be
its capability to clarify indeterminate luminal ﬁnd-
ings (e.g., severity of left main stenosis, dissection,
in-stent restenosis). However, investigators soon
realized that the visualization of the wall/plaque
beyond the narrowed lumen with intravascular imag-
ing provided important insights into pathophysio-
logic aspects of atherosclerosis (1). Intravascular
ultrasound allowed in vivo evaluation of arterial
remodeling, which demonstrated the dissociation be-
tween luminal narrowing and plaque accumulation,
and plaque burden was identiﬁed as an endpoint in
serial pharmacological intervention trials (2–4).
An increasing understanding of coronary ath-
erosclerosis demonstrated that neither luminal nar-
rowing, nor plaque burden are the only factors
determining clinical outcome and led to the concept of
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technology he developed.interrelated impact of geometric, histologic,
biochemical, and molecular factors on local and sys-
temic plaque stability (5).
The search for imaging criteria of these elusive
and likely temporary stages of plaque development
has since been an important scientiﬁc focus in car-
diology. While basic ultrasound echogenicity has
limited value to differentiate plaque components,
further mathematical analysis (radiofrequency anal-
ysis) improves plaque tissue characterization and
provides valuable insights into plaque progression
(6,7). Light-based, optical imaging with near-infrared
light sources allows higher spatial resolution and
tissue speciﬁcity. Optical coherence tomography is
based on light scatter and allows arterial wall imaging
with high spatial resolution near the intimal border. It
has been applied to plaque characterization and
assessment of the ﬁbrous cap of coronary plaques, but
mostly for the evaluation of coronary stents (8).
Near-infrared spectroscopy is based on tissue-speciﬁc
light absorption and enables evaluation of intimal
lipid content at the endothelial surface (9). However,
compared with ultrasound imaging, these light-based
modalities have limited wall penetration. Previous
studies have therefore combined optical and acoustic
imaging modalities for comprehensive plaque anal-
ysis (10).
An exciting engineering approach combining the
advantages of light (tissue speciﬁcity) and sound
(wall penetration) is intravascular photoacoustic
tomography (IVPAT), which has been developed for
ex vivo and in vivo imaging (11–15). IVPAT is based
on the photoacoustic effect, describing that light
absorption by molecules creates thermally induced
changes, which in turn leads to emission of ultra-
sonic waves. Optical contrast is provided by the
differences in the absorption spectra of plaque
components and is a function of the chosen light
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392source. Spatial resolution can be scaled with the
desired imaging depth. Clinical IVPAT systems
combine a catheter-based, miniature light source
for emission of laser light to stimulate the vessel
wall tissues with an ultrasound receiver, which
analyzes the returned sound waves for image
reconstruction.
In this issue of the Journal, a paper by Zhang et al.
(16) from the South China Normal University in
Guangzhou, China, describe a series of experiments
in an animal model demonstrating IVPAT feasibility
for plaque lipid imaging with histologic conﬁrmation.SEE PAGE 385In an initial step, the aortas of small groups of rabbits
were examined ex vivo at different times after
initiation of a high-fat diet to show increasing lipid
content of the wall. In subsequent steps, ex vivo and
in vivo imaging exams of the entire aorta with
3-dimensional analysis were performed. The care-
fully performed experiments expand the existing
literature about this exciting imaging approach but
also outline the challenges ahead. Probe design
optimization and miniaturization, including devel-
opment of combined intravascular ultrasound/radio-
frequency analysis and IVPAT systems and contrastmaterial (17–24), and clinical validation will be
necessary for eventual translation into clinical trials.
The presented data focus (the light source) on iden-
tiﬁcation of lipid content, with the goal of iden-
tifying the lipid-rich necrotic core of vulnerable
plaque. However, the induced plaques in the animal
model likely do not have the complex composition of
human atherosclerotic lesions. It is also important to
consider additional targets, including plaque hemor-
rhage (25) and tissue composition in the adventitial
tissue (14,19).
In conclusion, intravascular coronary imaging with
sound- and light-based imaging modalities, per-
formed in the context of percutaneous coronary
interventional procedures, provides direct clinical
guidance in selected patients, and has signiﬁcantly
contributed to our contemporary understanding of
coronary atherosclerotic disease. Development and
optimization of novel imaging approaches, as
described by Zhang et al. (16), have the potential to
advance our knowledge in the years ahead.
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